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Abstract
Properties of light-light mesons are described by the effective Hamil-
tonian with spinless quarks derived from QCD. The spectrum is com-
puted by the WKB method and shown to reproduce the celebrated linear
Regge trajectories even for the lowest levels. The correct string slope of
the trajectories naturally appears in the present approach as the string
dynamics is taken into account properly.
Similar method is applied to heavy-light mesons and a set of correc-
tions to the Hamiltonian is taken into account including spin-spin and
Tomas spin-orbit interactions. The numerical results for the spectrum
are compared with the experimental data and with the results of recent
lattice calculations.
1 Introduction
One of the most successful models of confinement in QCD is the string picture
which exploits the idea of the flux tube formation between the colour con-
stituents in hadrons. The small radius of the string compared to the hadronic
size makes it possible to construct quantum mechanical quark models with the
interquark interaction described by either non-relativistic1 or relativistic string
(see e.g. 2). The role of the string becomes especially important if light quarks
are involved, so that the proper string dynamics should be taken into account
together with the quarks one when studying the properties of hadrons.
2 Light-light mesons
Starting from the gauge invariant Green’s function of the qq¯ system, neglecting
spins and using the Feynman-Schwinger representation for the one-particle
propagators as well as the area law asymptotic for the Wilson loop one arrives
at the following Lagrangian of the system
L(τ) = −m1
√
x˙2
1
−m2
√
x˙2
2
− σ
∫
1
0
dβ
√
(w˙w′)2 − w˙2w′2, (1)
where the interaction is described by the Numbu-Goto term for the minimal
string bounded by the quarks trajectories 2. We use the straight-line anzatz
1
for the minimal string wµ(τ, β) = βx1µ + (1 − β)x2µ
2. Introducing einbein
fields µ (dynamical mass of the quark) and ν (density of the string energy) to
get rid of the square roots in (1) and using the standard techniques, one finds
the Hamiltonian of the system in the form (we consider equal quark masses) 2
H =
p2r +m
2
µ(τ)
+µ(τ)+
Lˆ2/r2
µ+ 2
∫ 1
0
(β − 1
2
)2ν(β)dβ
+
∫
1
0
dβ
2
(
σ2r2
ν(β)
+ ν(β)
)
. (2)
Getting rid of the einbein ν by taking extremum in Hamiltonian (2) and
keeping the other einbein µ as a variational parameter µ0 one finds
H =
p2r +m
2
µ0
+ µ0 + U(µ0, r), (3)
where the effective potential U has a rather complicated form; its dependence
on µ0 reflects the nonlocal string-type character of the interaction introduced
in (1). Nonrelativistic expansion of (3) gives for the interquark potential
V (r) = U(m, r) = σr −
σLˆ2
6m2r
+ . . . , (4)
where the correction to the confining potential is known as the string one 3,2.
The spectrum of the Hamiltonian (3) is found by the quasiclassical method
and each eigenenergy is minimized tuning µ0. Numerical results
4 reproduce
straight-line Regge trajectories in the angular momentum l with the inverse
slope 2πσ 4. The difference between 2πσ and the overestimated value 8σ found
for the Bethe-Salpeter equation with linear confinement is entirely due to the
proper string dynamics missing in the latter case.
3 Heavy-light mesons
Now we apply similar approach to the heavy-light mesons spectrum. The
zeroth approximation for the Hamiltonian with the Coulombic potential and
the constant term added and the string correction to it read (κ = 4
3
αs):
H0 =
2∑
i=1
(
~p2 +m2i
2µi
+
µi
2
)
+σr−
κ
r
−C0, Vstr = −
σ(µ21 + µ
2
2 − µ1µ2)
6µ2
1
µ2
2
~L2
r
, (5)
whereas other corrections are spin-dependent and coincide in form with the
Eichten–Feinberg–Gromes results 5 up to the change mi → µi in the denomi-
nators 6 (note that for a light quark µi ∼ 500÷ 800MeV ≫ mi):
Vsd =
8πκ
3µ1µ2
(~S1~S2) |ψ(0)|
2 −
σ
2r
(
~S1~L
µ2
1
+
~S2~L
µ2
2
)
+
κ
r3
(
1
2µ1
+
1
µ2
) ~S1~L
µ1
2
+
κ
r3
(
1
2µ2
+
1
µ1
) ~S2~L
µ2
+
κ
µ1µ2r3
(
3(~S1~n)(~S2~n)− (~S1~S2)
)
+
κ2(~S~L)
2πµ2r3
+ (2− ln(µr)− γE), γE = 0.57. (6)
Numerical results for the D, Ds, B and Bs mesons spectra calculated in
the the given technique with standard parameters 7,8 are in a good agreement
with the experimental and lattice data.
In conclusion let us briefly discuss the situation with the D∗′ resonance re-
cently claimed by DELPHI Collaboration 9. It was reported to have the mass
2637 ± 6MeV that agrees with the predictions of the quark models for the
first radial excitation 23S1(0
−) of the qq¯ pair (our prediction for this state is
2664MeV ) but its surprisingly small width of about 15MeV is in a strong con-
tradiction with the theoretical estimates 10. Meanwhile it was observed 10 that
orbitally excited states 2− and 3− could have such a small width. Our model
predictions for these states are 2663MeV and 2654MeV correspondingly, i.e.
they lie even lower than the radially excited one. This resolves the main objec-
tion to the identification of the D∗′ with orbital excitations. Indeed, in quark
models 2− and 3− states lie at least 50−60MeV higher that the experimentally
observed value. In our approach extra negative contribution to the masses of
orbitally excited states is readily delivered by the string correction discussed
above, which comes from the proper string dynamics inside meson.
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